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Abstract: Magnetic resonance imaging is a medical imaging technology which has gained 
widespread popularity in clinical applications. The advantages of MRI as a medical imaging 
modality include its high image quality, 3D imaging and functional imaging capabilities, 
which render it particularly useful for the diagnosis of diseases in various tissues and organs. 
With the fast development and fast increasing popularity of this modality, special interest has 
been attracted to the MRI-based elasticity measurement and imaging techniques (called MR 
elastography or MRE) and they have also gained many applications nowadays. With the quasi-
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分辨率也在毫米级。Gefen 等 [3] 设计了一个特定形状的印






































static loading, MRI can be directly applied to measure the displacement 
and deformation of the tested tissue. With a dynamic loading, 
conventional MRI may not be a good choice for this purpose because of 
its limited imaging speed. In this case, MRE can be achieved by applying 
the tagging technique or shear wave propagation measurement, the latter 
of which has been the mainstream of current research. In shear wave-MRE, 
the motion-sensitive pulses can be designed to measure the spatiotemporal 
phase information of the propagating shear wave and then to extract its 
propagation speed for the measurement of tissue elasticity. Compared to 
traditional ultrasound-based elasticity measurement and imaging methods, 
MRE has its own advantages such as the more accurate 3D displacement 
measurement, the larger field of view (limited by the probe size in ultrasound) 
and the capability in brain elasticity measurement, for which otherwise it 
is unpractical for ultrasound. This paper mainly introduces the MRI-based 
techniques for tissue elasticity imaging and measurement (MRE). Firstly the 
related techniques and their characteristics in MRE are introduced, followed 
by relevant applications of current MRE in several soft tissues. At the end 
of this paper we summarize the problems and look forward into some future 
perspectives of this field.
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式中，r 为质点所处位置矢量 ；θ 为周期性梯度场和
振动源之间固定的相位差（已知常数）；γ 为旋磁比 ；N
为观察的梯度周期总数 ；T 为外激励振动也是梯度磁场的

































生小幅度的剪切波。Chan 等 [21] 指出，使用压电材料驱动
细针方法可以产生更加规则的剪切波，用以提高弹性测量

















应用 MRE 进行研究的软组织包括乳腺 [15,32]、大脑 [26,33]、肝
脏 [34-35]、肌肉 [36-38]、前列腺 [22,39-40]、肾脏 [41-44]、心脏 [45-46]、
肺 [47-48]、甲状腺 [49] 和软骨 [50-52] 等，以下对其中的几种应
用进行简单介绍。
MRE 应用里面比较早的研究是用于乳腺肿瘤的无损检
测。虽然也有学者 [53] 提出基于准静态压缩的 MRE，但是由
于其弹性参数的计算需要复杂的反演算法，且测量受较多实
验因素的影响，因此，基于剪切波传播的弹性测量方法成为
了主流 [15,32,54-55]。Lorenzen 等 [56] 利用 MRE 证明乳腺组织硬
度在 1 个月经周期当中具有相对应的周期性变化。这些变化
相信，来自于女性身体荷尔蒙的变化。该研究表明，测量乳
腺硬度时需要注意时间点的选择。McKnight 等 [32] 通过 MRE
测得正常乳腺脂肪腺体的平均硬度为（3.3±1.9）kPa，纤维













型肿瘤的判断，它们之间具有互补性 [59]。Siegmann 等 [61] 通
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诊断，利用 ROC 曲线下面积作为诊断有效性参数，发现单
独使用造影剂 MRI 或单独使用 MRE 的情况下的面积值分
别为 0.93 和 0.88 ，但是两者相结合之后诊断曲线面积值明





动 [63] 或者气动 [64] 方法振动整个头部，然后在颅脑内部产
生剪切波进行测量。MRE 可以用来区分正常脑组织中的不
同结构，如灰质和白质 [63,65]，或者区分正常脑部组织与病
变组织，如肿瘤 [66-69] 的不同。研究证实 [63,65,70]，灰质和白
质的弹性有明显的统计学差异。Xu 等 [65] 和 Kruse 等 [70] 报导，
白质硬度大于灰质，然而 Green 等 [63] 报导的趋势相反。这
2 种矛盾的结果最终导致对于脑组织弹性值的范围和 2 种
结构体弹性之间的大小关系还没有统一的结论，需要进一




















发现，在相似的测量条件下，MRE 和 Fibroscan 的测量结
果具有一致性 [74-75]。MRE 在肝脏硬度测量方面的可重复





临界值也已经被提出。Huwart 等 [79] 建议以 2.5kPa、3.1kPa
和 4.3kPa 分别作为区分 >F2、>F3 和 >F4 级（METAVIR
分级）肝纤维化的临界肝硬度值，能获得较高的诊断性
能 ；Yin 等 [34] 建议利用 2.93kPa 作为正常人与肝纤维化患
者之间区分的分界线，诊断敏感度和特异性分别为 98%
和 99%，进一步得到的优化的分级临界值分别为 4.89kPa、
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使用 10MV X 射线时，为避免加速器室内感生放射性对人
体造成危害，医务人员及患者应尽可能减少加速器室内滞
留时间，或待停机 6min 后再进入机房。当使用 15MV 及以
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图1  15MV X射线空气辐射剂量率冷却时间图
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